Aims/background-Drainage of blood from the choroid is thought to occur exclusively through the vortex veins in the absence of a venous equivalent of the posterior ciliary arteries. A chance observation in the peripapillary region of the choroid, inconsistent with this concept, suggested that the subject required review. Methods-Ten nerve heads from 10 individuals were examined histologically using interrupted serial resin sections. They were obtained from eyes free of posterior segment pathology. Results-Peripapillary veins varying in number and size were present in seven preparations and none in the other three. All veins penetrated the sclera from the choroid close to the optic nerve head and entered the pia mater directly, receiving small veins from the laminar and postlaminar nerve head. No other locations of posterior venous penetrations of the sclera were found. This is the first description of these vessels in normal eyes; they are named 'choroidopial veins'. Conclusions-Choroidopial veins represent a minor and inconstant route for blood drainage from the choroid, with a role in optic nerve head circulation. (Br J Ophthalmol 1997;81:77-79) The eye does not possess a posterior system of ciliary veins equivalent to that of the arteries and, consequently, drainage of blood from the choroid is usually stated to occur exclusively through the vortex veins.
The eye does not possess a posterior system of ciliary veins equivalent to that of the arteries and, consequently, drainage of blood from the choroid is usually stated to occur exclusively through the vortex veins.
1-4 Leber, 5 in his landmark account of the vasculature of the eye, made no reference to posterior venous drainage other than from the episclera. Anderson's histological and latex infusion studies 6 7 revealed a venous link between the prelaminar nerve head and choroid in primates but he found no venous exit from the sclera. Against this firm concept of venous anatomy is set a number of reports describing exceptional and anomalous cases in which posterior venous drainage was noted. For example, Schoute 8 described a highly myopic patient with a large choroidal vein entering the disc and draining with the substantially smaller retinal veins. Other reports of a similar nature but not invariably coincident with myopia, described large posteriorly draining choroidal veins either encroaching the disc or taking a peripapillary route. They were referred to as choriovaginal or posterior vortex veins [9] [10] [11] [12] These mainly ophthalmoscopic observations were augmented by a histological study demonstrating a very large vein leaving the eye posteriorly and entering the pia mater directly. 13 Most of these cases were grossly anomalous and cannot be considered to challenge the general observation that in healthy eyes posterior ciliary veins are absent.
The present study was prompted by inspection of histological material prepared for teaching purposes which revealed a pattern of peripapillary veins inconsistent with the accepted anatomy. Further material was obtained and a systematic search for peripapillary venous exits from the eye made.
Materials and methods
Ten optic nerve heads from 10 individuals, 12-82 years of age, were prepared for histological examination. Five eyes were removed for various conditions (Table 1) and fixed by immersion in 3% phosphate buVered glutaraldehyde; another was fixed in 10% buVered formaldehyde. In the two eyes that became available following orbital exenteration for sinus carcinoma, there was no evidence of orbital venous congestion or ocular proptosis. Four donor eyes were used, each of them stored in normal saline in a refrigerator and subsequently fixed in a 2% glutaraldehyde/3% paraformaldehyde mixture. Although tissue preservation was inevitably rather poor in the donor eyes, they were found to be adequate for the purposes of this study. The pathology of one of the specimens was unrecorded and in the remainder there was no record of optic nerve disease. Tissues were trimmed leaving an optic nerve stump at the nerve head at least 2 mm in length with a collar of sclera, with choroid and retina attached. Tissues were washed over- night, immersed in an unbuVered solution of 1% osmium tetroxide for 1 hour, washed briefly, dehydrated in graded ethanols, cleared in xylene, and embedded in Araldite.
Interrupted 1 µm serial sections were cut on an ultramicrotome in the frontal plane (transversely) or longitudinally as indicated in Table  1 . Every fifth section was collected in longitudinally cut material and every tenth when transversely cut. Full serial sections were collected occasionally when warranted. Two of the nerves were divided longitudinally in the vertical meridian before embedding to permit sectioning of one half longitudinally and the other transversely (indicated TS/LS in the table). Sections were treated with sodium methoxide to remove the resin then stained in 1% toluidine blue in an equal volume of 2.5% sodium carbonate and examined with a light microscope.
Results
Veins were found in seven of the 10 nerve heads passing from the peripapillary choroid, penetrating the sclera adjacent to the optic nerve and entering the pia mater directly (Table 1) . Veins taking this route in the anomalous examples referred to in the introduction were often called choriovaginal veins, but the term choroidopial is more precisely expressive and will be used in this paper.
All choroidopial veins penetrated the sclera within 100 µm of the nerve head and therefore very close to the scleral canal. They passed posteriorly from the outermost layer of the choroid and therefore did not traverse the border tissue of Jacoby separating the choroid from the optic nerve head. Several examples of veins penetrating the sclera and reaching the pia mater without branching were traced (Figs 1-3). They varied in diameter from approximately 10-90 µm, measured at their entry into the pia mater, four eyes displaying at least one vein at the upper end of the size range. Further along the pia mater veins were sometimes seen to expand substantially, maximally reaching 110 µm in diameter; the increased calibre was not attributable to convergence of veins. Several choroidopial veins divided at least once after leaving the choroid, the branches fanning out to produce several small pial veins. In the half optic nerve preparation of Figures 4 and 5, seven pial veins derived from three choroidal veins were traced and several more were identified in the other longitudinally sectioned half, issuing from two further choroidal veins. Branching occurred in all the choroidopial veins of two preparations, in a single instance in two others and only undivided veins were noted in the remaining three.
In one preparation only one small vein and in another two small (< 20 µm) choroidopial veins were present, and in three of the 10 preparations no choroidopial veins could be traced (Table 1) .
The structure of veins was unchanged throughout their course from choroid to pia and unvaried within and between specimens. The cellular structure of the venous wall consisted of endothelium and very infrequent pericytes. A thin layer of connective tissue completed the wall. Numerous arterioles, recurrent from the choroid but mostly from intrascleral ciliary arteries and, in particular, the circle of Zinn-Haller, entered the pia mater, but they were easily distinguished from the veins by the thickness of their walls. The arterioles sometimes entered the pia mater directly, in common with the choroidopial veins, but most of them entered arachnoid trabeculae upon leaving the sclera and subsequently transferred to the pia (Fig 5) .
As they entered the pia mater, a number of the veins received fine branches from the optic nerve head at lamina and postlaminar levels (Fig 6) . The further passage and drainage of the choroidopial veins was not traced.
Discussion
In a study of this kind it is prudent to consider the possibility of anomalous structures imposed by disease. The propensity for pathological development of new veins or enlargement of existing veins at the optic disc is well documented, in particular the formation of optociliary veins. Most commonly associated with optic nerve sheath meningiomas, these shunt blood from the central retinal vein to the choroid, presumably in response to retrobulbar constriction of the central retinal vein. [13] [14] [15] Such eyes are exophthalmic and blind. It is feasible that the two eyes obtained following orbital exenteration for sinus carcinomas might have been subject to retrobulbar pressure, but no ocular abnormalities were noted in the pathologist's report and the presence of choroidopial veins may be regarded as a normal feature with confidence. That they possessed more, albeit smaller, veins than in some of the other eyes examined was presumably a chance occurrence.
The observations justify the conclusion that posterior venous drainage from the choroid occurs normally in a proportion of eyes. The sample used is too small to comment on frequency but it is stressed that the nerves used were unselected after the initial observation of choroidopial veins. The next nine nerves that became available were used. The anomalous veins referred to in the introduction were observable ophthalmoscopically because of their exceptional size, but those described in this study are relatively small, pass directly back close to the disc, and are therefore unlikely to be recognised by this means. Without this facility the absence of previous information on choroidopial veins is perhaps not surprising and they were not observed in earlier, including the most recent, histological studies. 6 7 17 Another technique, scanning electron microscopy of vascular casts, oVers the benefit of total vascular display unimpeded by tissues, and it has been applied profitably to the optic nerve head region. [18] [19] [20] [21] The casts eVectively demonstrate the arrangement of the principal vessels but distinguishing artery from vein among the confusing density and variety of smaller vessels bordering the intraocular part of the optic nerve must present a problem, which may account for the absence of comment on any venous channels. The present study is the first of its kind to employ thin epoxy resin sections which, although laborious, provide much improved resolution of detail.
If the size of choroidopial veins is compared with that of the vortex veins one is bound to conclude that, at best, they constitute a minor route for choroidal blood drainage. It does not follow that their role is negligible as they clearly facilitate blood flow from the optic nerve head and the lumen of the largest of them nearly compares with that of the central retinal vein.
An assumption has been made that blood flow is directed posteriorly. The alternative is that blood flows from the pia mater and the nerve head to the choroid, then forward to the vortex veins; the divergent branching posteriorly in some veins might be thought to favour this route. Morphology alone cannot provide a definitive answer but forward flow is improbable in view of the expected gradient from low extraocular to high intraocular pressure. No information was gathered or sought on the subsequent passage of blood posteriorly from the pia mater, but the central retinal vein at its exit from the nerve is a probable recipient, and no doubt other lesser vessels drain blood from the nerve to the principal orbital veins.
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